Introduction
Co-authored by over 20 writers, the popular American comedy series The Big Bang Theory (Lorre & Prady 2007-present) has delivered interesting and, more importantly, rather stable character constructs, which is specifically reflected in the linguistic constructions of the main characters, especially that of Sheldon Cooper. Though the series has attracted the attention of research relating to semiotics and discourse analysis (Balirano 2013; Bednarek 2012; Ma & Jiang 2013; Shuqin 2012 Shuqin , 2013 Yin & Yun 2012) , the construction of a character's particular idiolect also makes an important contribution to characterisation. The way in which a character speaks (the linguistic choices that the writers make on behalf of the characters, as it were) can serve to associate the character with a specific stereotype, subculture or social group, but also personal affect (Culpeper 2001:190) . Social and cognitive theories within psychology and language may therefore serve as a general backdrop to the character of Sheldon, and the emergent linguistic features may readily be associated with his world view.
The series introduces four male characters (Sheldon, Leonard, Rajesh and Howard), all scientists who share a passionate interest in comic books and science fiction. Despite the fact that they largely share a social and professional environment and all belong to the scientist/nerd stereotype to varying degrees, it is evident to most viewers that Sheldon Cooper greatly differs socially from his friends. In addition, Penny is introduced as Sheldon and Leonard's neighbour. She portrays the pretty blonde stereotype and stands in contrast to the male characters on a social and intellectual level.
Sheldon is the most peculiar of the five main characters in terms of his overall social behaviour but is also the most intelligent in terms of academic qualities and achievements. Besides his Dialogue is an important aspect of televisual character construction. Writers make linguistic choices on behalf of characters, and these choices can cause viewers to associate a character with a specific stereotype, subculture or social group. This study examines the linguistic construction of the character Sheldon Cooper in the CBS sitcom The Big Bang Theory. A cluster analysis tree of the speech of each of the five main characters in the first seven seasons (generated by the R script Stylo 0.6.0) indicated that the character of Sheldon Cooper differs from the other main characters (Leonard, Penny, Howard and Rajesh) with respect to linguistic style. These differences were further explored using corpus analysis software (WordSmith 6.0) to identify keywords and lexical bundles and to compare the use of active versus passive voice constructions. Sheldon's choice of scientific or more formal words and his relative preference for the passive voice typify his linguistic style as expository rather than colloquial.
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social stereotype as 'geek', he is portrayed as condescending, pedantic, egotistic and self-righteous. He often experiences difficulty with interpersonal communication (Yin & Yun 2012 :1222 and is unable to disambiguate between the literal and the figurative. These traits may fit better into a cognitive or personal affect construct rather than a stereotype. In relation to his co-characters, Sheldon is rather unique and this is displayed not only in his onscreen behaviour, but also in his linguistic repertoire. An analysis of Sheldon's speech repertoire is a way of providing linguistic evidence for these intuitive observations regarding his character.
This study aims to establish whether and how Sheldon differs linguistically from his co-characters. It explores the linguistic choices of Sheldon Cooper that set him apart from the other main characters, focusing on lexis and voice. This analysis serves as an example of how idiolect can be constructed and maintained over multiple seasons of a television series with multiple writers. A stylometric analysis of the speech of each of the five main characters (Sheldon, Leonard, Howard, Rajesh and Penny) was conducted using the R script Stylo (0.6.0) (Eder & Rybicki 2011) to first establish whether there are significant quantifiable differences in the speech of the main characters. As expected, the cluster tree analyses show that Sheldon Cooper has a discernible linguistic style that differs from that of the other characters. These results are discussed in the first part of the analysis section. Having stylometrically established that Sheldon's language usage differs from that of the other characters in the series, we can ask which specific aspects of Sheldon's language constitute his idiolect. Sheldon's lexical choices as well as his tendency to use the passive voice are discussed as features that distinguish his linguistic style. Balossi (2014:24) argues that language underlies characterisation in that an individual's feelings, behaviour and cognitive states are represented by and through language. Language usage reveals attitudes and beliefs and therefore serves as an important source of information into personalities or character types (Balossi 2014:24) . The language of any particular character is therefore an important element of his or her general construct. Although various aspects contribute to the makeup of literary characters, such as self-presentation and mental and social representations, there is an inextricable link between language use and character portrayal (Culpeper 2001) .
Idiolect: Language and characterisation
The association between characterisation and language usage can be quantitatively investigated. Stylometry studies take grammatical function words into account (Burrows 1987; Culpeper 2001; Kestemont 2014) , as these typically are more frequent than lexical items. Function words are good indicators of authorship styles, since these closed-class words are used by all writers, are produced unconsciously and are mostly context-independent (Kestemont 2014:60) . Culpeper (2001) , for example, performed a keywords analysis on Shakespeare's Romeo and Juliet, calculating the unusual word frequencies, which may reveal salient traits of characters. Capulet's go often relates to an issuing of command, given his role in the household. In Juliet's case, if was the most significant keyword and was associated with her anxiety regarding Romeo's safety and matters related to him (Culpeper 2001:188-189 ).
Computer-mediated research has aided literary studies such as Balossi's (2014) stylometric analysis of Virginia Woolf's The Waves, which studied the differentiation of characters through various word classes -lexical as well as grammatical. Burrows (1987) examined function words in Jane Austen's novels, as well as sentence length and the use of pronouns by the various characters. Balossi (2014) used stylometric analyses to examine lexical density in language associated with gender, ideology and social status and found that 'both content as well as function words uncovered aspects of the characters' personality traits that would probably not have been predicted without this empirical study ' (2014:56) .
The notion of idiolect (Coulthard 2004:431) informs this study of characterisation through language. According to Coulthard, this idiolect will 'manifest itself through distinctive and idiosyncratic choices in texts ' (2004:432) . Coulthard (2004:432) describes these as 'linguistic impressions' created by a speaker or writer. Edwards (2009:19) maintains that a speaker or writer sets up his or her own language identity, and this identity requires 'the sameness of the individual at all times or in all circumstances'. Differences in the language identity of characters relate to a choice of specific patterns or a deviation from expectations and may involve syntactic variation and lexis (Culpeper 2001; Renkema 2004:146) . Writers of a particular series or genre consciously exercise a series of these choices that contribute to character constructions (Olsson 2008:29) .
While stylistics traditionally form the subject matter of literary studies (Balossi 2014; Culpeper 2001) , the character as an individual (not only the literary texts as a semiotic work) can be viewed in terms of stylistic choices (Renkema 2004:147) . Culpeper (2001) , in his multidisciplinary approach to the process of characterisation, emphasises how different approaches, such as social and cognitive theory within linguistics, contribute to character formation and character identity and notes that audiences may base their inferences especially on textual cues. There are also studies that have explored how power relationships are portrayed through linguistic choice (Douglas & Sutton 2010; Palmeira 2015; Wakslak, Smith & Han 2014) . The language of television series has also been the focus of a number of recent linguistic studies. Bednarek (2015) investigated gender in the television programmes Weeds, Nurse Jackie and Saving Grace and showed that female characters who used a higher degree of bad language were more readily accepted by audiences, as opposed to traditional feminine roles. Bednarek (2011:1-24) also conducted a stylistic analysis of the (in)stability of characters' linguistic variation in Gilmore Girls and found that
the character Lorelai is relatively stable across the series. Quaglio (2008:189) , motivated by concerns relating to English as a second language, compares the language of the comedy Friends with natural conversation and shows that this series does have linguistic characteristics in common with faceto-face conversation. Rey (2001:138-156) analysed gender roles as manifested in the dialogue of Star Trek episodes and shows how linguistic changes reflect significant shifts in the linguistic characterisation of women and men in this series.
In a characterisation study of The Big Bang Theory, Bednarek (2012:199-229 ) investigated the character construction of Sheldon Cooper in terms of the nerd/geek social stereotype and illustrated that the male main characters are construed as stylised representations of particular social identities with traits such as intelligence, unattractiveness, an interest in fantasy-based activities, social awkwardness and physical awkwardness or no interest in sport-related activities (Bednarek 2012:203) . However, Sheldon's linguistic distinctiveness cannot be ascribed to his geekiness, since Howard, Rajesh and Leonard (who are also geeks) have more in common linguistically with Penny than with Sheldon. Although Sheldon uses nerd/geek jargon, the stylometric differences between his language and that of the other geeks suggest that Sheldon's speech cannot simply be classified as nerdspeak. Sheldon's speech is not only influenced by group identity, but also by his personality traits. Culpeper (2001:190) refers to this association between language and personality as 'personal affect'.
Data and methods
The data comprise all the speech of each of the five main characters in the first seven seasons of The Big Bang Theory (Table 1 ). These were obtained by extracting the subtitles from the digital video discs into a spreadsheet (Microsoft Excel), in which speakers were allocated to each speech turn. Each episode was watched to confirm that speech turns were demarcated and allocated correctly and that each utterance was accurately rendered.
The spreadsheet data were sorted according to speaker so that each of the main characters' speech could be saved separately and per season in a plain text file, for example Sheldon_1, which contained all of Sheldon's speech turns across all the episodes in Season 1. Thus a 'corpus' of 35 text files was created to serve as input for the initial stylometric analysis, using each text file (all the speech turns of a character over all the episodes in a given season) as a single sample, and used to generate a cluster analysis tree in Stylo (0.6.0) (Eder & Rybicki 2011; Kestemont 2014) . For the keywords analysis in WordSmith (6.0) (Scott 2012) , the seven texts containing the speech turns of Sheldon were combined to form the Sheldon corpus, while the 28 texts representing the speech turns of the other four characters were combined to form a control corpus. Once the keywords analysis was completed, the speech turns of each character spanning the first seven seasons were combined to yield five 'subcorpora', one per character, for concordance (keyword in context) analysis. Part-of-speech tagged versions of these were used to investigate the use of passive and active voice.
The 35 texts (or combinations of them) do not constitute a corpus in the strict sense of the word, since they are not running dialogue and are not 'natural' in the true sense of the word. They represent television dialogue for fictional characters based on what professional writers believe such characters might sound like. Yet it is argued here that the linguistic choices made on behalf of fictional characters are still informed by the linguistic knowledge of real people (the writers). With a complete 'suspension of disbelief', one can also view the characters' language as real in the (fictional) world of the text. In this sense, corpus linguistic methods typically associated with usage-based descriptions of patterns in language are suitable to investigate the linguistic patterns in The Big Bang Theory data.
Sheldon has more speech turns than any other individual character. The speech of the characters of Bernadette and Amy (later Howard and Sheldon's girlfriends, respectively) were not included in the compilation of the corpus, because these characters were not present from the start of the series. For example, Bernadette is featured a few times in Season 3, only to disappear until the middle of Season 4. Amy is only introduced at the end of the Season 3. A 'corpus' including all the characters and spanning the whole series could potentially be used to investigate the role of gender in language. The focus of this study, however, is on the linguistic style of Sheldon, as central character.
Stylo (0.6.0) was used to establish whether Sheldon has a discernible idiolect maintained across the first seven seasons. This R script was recently developed for the purposes of authorship attribution, genre recognition and style development by Eder, Rybicki and Kestemont (2016) .
The cluster analysis in Figure 1 is based on the 100 most frequent words (both grammatical and lexical) and uses Eder's simple algorithm given below (Eder & Rybicki 2011) .
This algorithm calculates word frequencies independent of corpus sizes. This was important due to the large discrepancy in the quantity of Sheldon's output compared to that of other individual characters.
The keywords function in WordSmith 6.0 (Scott 2012) was used to answer the question: how is Sheldon linguistically 
The log-likelihood test was selected as measure of keyness with the p-value set at < 0.000001. Keywords are words that occur (statistically) significantly more (or less) frequently in a corpus than would be expected in terms of a larger control corpus (Stubbs 2010:25) . According to Bondi (2010:1) , keywords (both positive and negative keywords) are those lexical items that play a role in identifying important elements of a text. Scott (2010:43) maintains that keyness is a property possessed by words, word clusters and phrasal units. Because keyness is a purely quantificational property, both lexical and grammatical words can be keywords. Lexical keywords are often indicative of contextual differences between texts and include words that relate to a specific topic or a specific setting. When grammatical words are keywords they are indicative of stylistic differences [see in this regard Kestemont's (2014) work on function words in authorship attribution].
Analysis and findings
The results of the stylometric analysis are presented first ('Linguistic style'), followed by a discussion of Sheldon's lexical choices ('Keywords and clusters') and preference for the passive voice ('Passive voice').
Linguistic style
The linguistic outputs of each character (per season) were compared using Stylo (0.6.0) to determine whether there were stylistic differences and similarities in their language. The following output was generated.
The tree cluster (Figure 1) This stylometric analysis confirms that there is internal consistency in the speech of each of the characters across the first seven seasons of the series and that there is a discernible linguistic style associated with three of the five main characters. More importantly, it confirms that Sheldon's word choice is significantly different from those of the other characters.
Keywords and clusters
The Keywords function in WordSmith (6.0) was used to statistically identify positive and negative keywords for Sheldon compared to the Rest. A list of 135 keywords (both lexical and grammatical) was yielded. The first 54 words were positive keywords (significantly more frequent than the reference corpus), whereas the remaining 81 were negative (significantly less frequent). The keywords list can be viewed as an Appendix A. In the discussion of selected keywords below the (log-likelihood-based) keyness value yielded by WordSmith is given in brackets. http://www.literator In many respects, Sheldon's speech lacks the linguistic features that are characteristic of conversation and Biber, Conrad and Leech (2002:429) associate certain social and situational circumstances with the grammatical features of conversation. Some of the characteristics of the language of conversation described by them include expression of stance, avoidance of elaboration, elicitation of responses, the use of attention-signalling forms to manage interactions and discourse markers such as interjections or inserts (Biber et al. 2002:431-433) . When comparing Sheldon's language with that of the other characters, words that potentially express stance appear as both positive and negative keywords.
Among the positive keywords for Sheldon, there are a number of words that potentially express epistemic stance or his attitude or position regarding the information in a proposition (see Biber et al. 2002:382 Lindquist (2009:60-61) found that maybe occurs about twice as many times as perhaps in spoken language (198 per million vs. 398 per million), whereas perhaps is used nearly 10 times more frequently than maybe in academic writing (262 per million vs. 28 per million). Lindquist (2009:61) also observed a decline in the use of perhaps with a concomitant incline in the use of maybe over the last three decades in the Time magazine corpus.
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Rather than general language change, this is attributed to the inclusion of more fiction and reported speech, or to the language of the magazine generally becoming more informal and more like spoken language, in line with the phenomenon called 'the colloquialisation of the language' (Lindquist 2009:62 ). Sheldon's preference for perhaps over maybe contributes to the bookishness of his linguistic style.
Sheldon often uses the word which (77.87) to introduce a relative clause. In the Longman Spoken and Written English (LSWE) corpus, relative clauses introduced by which occur nearly 10 times more frequently in academic writing than in conversation (Biber et al. 2002:285-286): 8. I've taken the liberty of drafting these workflow charts which outline our various duties. (Season4: Episode12) 9. Perhaps I'll spend some time developing a unified theory of comedy, which will allow me to elicit laughter from anyone at any time. (Season7: Episode12)
Sheldon's use of relative clauses lends an expository air to his speech, which is unexpected in conversation. In conversation, syntactic elaboration through noun modification is rare compared to expository written registers (Biber et al. 2002: 430-431) . This elaborative tendency in Sheldon's speech is also reflected by the fact that of (183.38), as (138.14) and by (80.40) are very strong positive keywords for Sheldon. The positive keyness of the conjunction although (25.40) also illustrates Sheldon's expository style.
Whereas lexical words such as theory can be expected as positive keywords for Sheldon, it is noteworthy that frequently occurring grammatical function words are also positive keywords for Sheldon. Grammatical keywords are indicative of style rather than context. The words the and of are usually the most frequent words in any corpus of English, but they seem to be used with significantly more frequency by Sheldon compared to the other characters. The keyness of the (182.44) indicates more definite references in Sheldon's speech.
Keywords can be studied through their typical co-occurrence with other lexicosemantic units (Bondi 2010:3) . In other words, a word as a single unit need not be the sole focus but rather the clusters in which it often occurs (Stubbs 1996:35) . Biber et al. (2002:435) refer to the seemingly prefabricated sequences of words that are frequent in conversation, such as I don't know, as lexical bundles. These lexical bundles do not usually correspond to a complete grammatical unit (Biber et al. 2002:445) . It is worth investigating keywords with a grammatical function, rather than lexical content, in terms of structural patterns and not as single units, since function words delineate structural relationships with other words or phrases. The concordance function in WordSmith (6.0) is used to identify frequent word clusters that contain the keywords of and as. The preposition of is the most frequently used preposition in English, whereas the word as can be used as a preposition or subordinator or as part of more complex relational expressions, viz such as and as well as (Biber et al. 2002) .
Comparing the different function word classes in use, Biber et al. (2002:32) indicate the striking difference in the LSWE corpus between academic and conversation registers with regard to prepositions, coordinators and determiners.
Prepositions occur approximately 60 000 times per million words in conversation, compared to roughly 150 000 times per million words in academic writing, and determiners occur 100 000 times per million words in academic writing as opposed to 40 000 times in conversation (Biber et al. 2002:32) .
The keyness of the word of (183.38) can partly be explained by the very frequent use of the phrase of course, which Sheldon uses in explanations and arguments, and the use of of in partitions that denote 'kind' or 'quantity', for example: some sort of (13×), a series of (11×). The most frequent cluster in a concordance of the word of in Sheldon's speech is one of the X (39×), where X is often a noun modifier or superlative, for example: best Thanksgivings, classic American routes, fantasy worlds, few mammals, few forms, few benefits, good one, great minds (3×), great joys, great American trains, great challenges, greatest intellects, most beguiling, most intelligent people, most effective techniques, other great minds. These examples illustrate Sheldon's use of premodifiers as elaborative device, relying heavily on superlative and comparative forms. This illustrates something of a tendency to avoid vagueness and be explicit and clear on general matters, but also illustrates the way in which Sheldon habitually evaluates and compares entities.
Looking at three-word clusters in the concordances of of and as that occur more than five times, we found clusters used frequently by all of the characters such as a lot of and as long as. However, there are also a number of clusters that are only frequent for Sheldon, namely: understanding of the (9×), one of my (8×), an example of (8×), great minds of (7×), might as well (11×), as you know (10×).
It is also interesting to note the number of discourse markers among the negative keywords for Sheldon and more frequent for his co-characters: wow (-58.04), sorry (-31.32), thanks (-46.68) , fine (-27.82), okay (-542.58), yeah (-342.27) , oh (-48.64) , hi (-65.45), uh (-88.93) , damn (-28.30), hell (-30.32 ). This does not imply that Sheldon never uses interjections, but he chooses unusual ones like bazinga (46.42). The word bazinga is almost always used in situations where Sheldon makes his co-characters believe that he is serious when he is actually attempting to make a joke, then expresses his delight at catching them off-guard.
Sheldon's choice of nouns, verbs and adjectives with very specific meanings over vague, more general words; the way in which he expresses epistemic stance; his use of noun modifiers; his relatively frequent use of subordinators and prepositions and the scarcity of discourse markers all indicate that Sheldon's linguistic style is more closely aligned with that of academic discourse rather than conversation.
The features discussed above contribute to constructing a linguistic style for Sheldon that is more expository than colloquial.
Passive voice
The previous section dealt with the ways in which Sheldon's lexical choices contribute to make his utterances generally sound quasi-academic rather than colloquial. One of the most obvious areas to explore whether the observations that apply to lexical choice can also apply at the level of grammatical choice is voice. The passive voice is characteristic of academic discourse and is comparatively rare in conversation. Using a part-of-speech tagged version of each of the character's output, a concordance was drawn of all lexical verb forms that potentially occur in the passive, that is verbs tagged as VVN (past participle) by CLAWS (Garside & Smith 1997) . Because the CLAWS tagger tags all instances of the lemmas be, have and do separately, these were excluded from the analysis. Only verbs that cannot also function as auxiliaries were considered. The VVN concordances were subsequently checked line by line to isolate instances of the passive voice (as opposed to perfective or adjectival uses of the participle). In order to quantitatively compare the passive and active voice across the speech of the five characters, the passive verb phrases needed to be regarded as a proportion of all verb phrases used by each character. The latter were determined with the search string VV*, which finds all lexical verbs (excluding the lemmas be, have and do) regardless of morphological form. Table 2 below provides the raw frequencies yielded by concordance searches of the tagged data.
Another R script, Coll.analysis 3.5, developed by Gries (2007) to perform collostructional analysis, was used to compare the (active vs. passive) voice preferences of each character based on a one-tailed Fisher-Yates exact test. The results are summarised in Table 3 below.
Collostructional strengths above 3 indicate a p-value of at least 0.001, while a collocational strength above 2 indicates a p-value of at least 0.01. These results show not only that Sheldon uses the passive voice more frequently than the other characters, but that the verb phrases in his speech are passive more frequently than they are active. This is a clear indication that the stylistic differences of Sheldon's language surpasses lexical choice and is also evidenced at the level of grammatical style. Sheldon's preference for the passive voice is in line with the other linguistic choices that typify his discourse style as quasi-academic and expository rather than colloquial.
Conclusion
This study started by asking whether viewers' intuition that the character of Sheldon Cooper's language usage is different from that of the other characters in the series The Big Bang Theory could be quantitatively supported. In the stylometric analysis it was established that Sheldon is indeed linguistically distinguishable from the other characters, even from his fellow nerds. The texts of the other characters' speech also clustered quite neatly in the cluster tree analysis, demonstrating that the writers of the series manage to maintain a clear voice for each of the main characters throughout the series. The results of the stylometric analysis confirmed that Sheldon's linguistic style is worth further investigation.
An analysis of Sheldon's positive and negative keywords (compared to the speech of the other four main characters) showed that Sheldon's speech has much in common with academic or expository discourse and does not display as many of the typical features of conversation. The observations about Sheldon's lexical choices were corroborated in a grammatical analysis of passive versus active verb constructions. What sets Sheldon's language use apart from that of the other characters is that Sheldon's speech is not colloquial. This study illustrates how linguistic style is employed as a characterisation tool.
Given the closeness of the Leonard and Penny texts in the cluster analysis, the distances between the language of Sheldon and Amy, and of Howard and Bernadette, need further investigation. Sheldon's preference for the passive voice is evidence that his language is also grammatically distinct from that of the other characters and suggests that further investigation into Sheldon's grammatical choices could lead to additional insights into linguistic choice as a characterisation tool. 
